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(54) AIR-FUEL RATIO CONTROL DEVICE OF INTERNAL COMBUSTION ENGINE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To prevent an increase in a feedback 
period and roughness of the air-fuel ratio by performing highly 
accurate air-fuel ratio control corresponding to a state change of 
the air-fuel ratio in an air-fuel ratio control device of an internal 
combustion engine using a linear air-fuel ratio sensor. 
SOLUTION: Feedback proportional gain Kp used to calculate a 
feedback correction factor FAF is calculated by an air-fuel ratio 
deviation AVAF by using a feedback proportional gain KP map 
(S220) selected from a plurality in response to a state (S210) of an 
air-fuel ratio detecting value VAF (S230). Thus, the feedback 
proportional gain Kp by taking in preconsideration future behavior 
of the air-fuel ratio appearing in the air-fuel ratio detecting value 
VAF can be set. Thus, the feedback correction factor FAF 
corresponding to a future state change is set, and the highly 
accurate air-fuel ratio control can be performed, and the increase 
in the feedback period and the roughness of the air-fuel ratio can 
be prevented. 
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* NOTICES * 

iTPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1 ] The linear air-fuel ratio sensor by which an output is proportional to an internal combustion engine's 
air- fuel ratio mostly is used. It is the air-fuel ratio control system of the internal combustion engine which does 
feedback control of the air- fuel ratio of the gaseous mixture which computes the amount of feedback 
amendments based on the deflection from the target air- fuel ratio in the detection value of this linear air-fuel 
ratio sensor, and is supplied to an internal combustion engine's combustion chamber based on this amount of 
feedback amendments to a target air-fuel ratio. The air-fuel ratio control system of the internal combustion 
engine characterized by having a feedback gain setting-out means to set up the feedback gain for computing 
said amount of feedback amendments, according to the detection value of said linear air- fuel ratio sensor. 
[Claim 2] It is the air-fuel ratio control system of the internal combustion engine characterized by setting up 
feedback proportional gain for said feedback gain setting-out means asking for a proportional among said 
amounts of feedback amendments in a configuration according to claim 1 according to the detection value of 
said linear air-fuel ratio sensor. 

[Claim 3] It is the air-fuel ratio control system of the internal combustion engine characterized by setting up 
feedback proportional gain for said feedback gain setting-out means asking for a proportional among said 
amounts of feedback amendments in a configuration according to claim 1, and the feedback integral gain for 
searching for an integral term according to the detection value of said linear air- fuel ratio sensor. 
[Claim 4] Claims 1 -3 are the air-fuel ratio control systems of the internal combustion engine characterized by 
changing the pattern with which said feedback gain setting-out means sets up said feedback gain in the 
configuration of a publication according to the condition of the detection value of said linear air-fuel ratio 
sensor either. 

[Claim 5] It is the air-fuel ratio control system of the internal combustion engine characterized by changing the 
pattern which classifies into the condition that said feedback gain setting-out means approaches a target air-fiiel 
ratio in the detection value of said linear air- fuel ratio sensor in a configuration according to claim 4, and the 
condition of separating from a target air- fuel ratio, and sets up said feedback gain for this every condition. 
[Claim 6] It is the air- fuel ratio control system of the internal combustion engine characterized by changing the 
pattern which said feedback gain setting-out means classifies the detection value of said linear air-fuel ratio 
sensor into the rich condition that fuel concentration is deeper than a target air-fuel ratio, and the Lean condition 
that fuel concentration is thinner than a target air-fuel ratio, in a configuration according to claim 4, and sets up 
said feedback gain for this every condition. 

[Claim 7] In a configuration according to claim 4 said feedback gain setting-out means The condition of 
approaching a target air-fuel ratio in the detection value of said linear air- fuel ratio sensor from the rich 
condition that fuel concentration is deeper than a target air-fuel ratio, The condition of separating from a target 
air- fuel ratio to a rich condition, and the condition of approaching a target air-fuel ratio from the Lean condition 
that fuel concentration is thinner than a target air-fuel ratio, The air-fuel ratio control system of the internal 
combustion engine characterized by changing the pattern which classifies into the condition of separating from 
a target air-fuel ratio to the Lean condition, and sets up said feedback gain for this every condition. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the air- fuel ratio control system of the internal combustion 
engine which does feedback control of the air-fuel ratio of the gaseous mixture by which an output computes 
the amount of feedback amendments based on the deflection from the target air-fiiel ratio in the detection value 
of this linear air- fuel ratio sensor, and is supplied to an internal combustion engine's combustion chamber based 
on this amount of feedback amendments using the linear air- fuel ratio sensor mostly proportional to an internal 
combustion engine's air-fuel ratio to a target air-fuel ratio. 
[0002] 

[Description of the Prior Art] It is used for an internal combustion engine's exhaust air system, and the linear 
air- fuel ratio sensor which performs the output mostly proportional to the air-fuel ratio which has appeared in 
the exhaust air component is known. And the air-fuel ratio control system of the internal combustion engine 
which controls the air- fuel ratio of gaseous mixture by using this linear air- fuel ratio sensor to a target air- fuel 
ratio, for example, theoretical air fuel ratio, is known (JP,60-101234,A, JP,4- 187842, A). 
[0003] Since the air-fuel ratio control system using such a linear air-fuel ratio sensor can always measure a 
actual air- fuel ratio unlike the system which uses the oxygen sensor with which it turns out that the air-fuel ratio 
crossed theoretical air fuel ratio because an output changes in step near the theoretical air fuel ratio, it can 
perform Air Fuel Ratio Control to a high response. 
[0004] 

[Problem(s) to be Solved by the Invention] However, also in the system using a linear air-fuel ratio sensor, the 
air- fuel ratio which becomes clear by the linear air-fuel ratio sensor is an air-fuel ratio in the event of being 
exhausted after the gaseous mixture which adjusted the air-fuel ratio burning, and reaching a linear air- fuel ratio 
sensor. For this reason, excess and deficiency may arise in the amount of feedback amendments before and after 
target air-fuel ratio attainment especially. In order to prevent such control-precision lowering, with said 
conventional technique, it corresponds by referring to the past air- fuel ratio detection value. 
[0005] However, it is inadequate to have referred to the past air-fuel ratio detection value, in order to 
correspond to change of a future situation, and prevention of the excess and deficiency of the amount of 
feedback amendments cannot but become inadequate. Therefore, precision lowering of Air Fuel Ratio Control 
cannot fully be prevented, but a feedback period increases, or it is ruined, and fear, such as aggravation of 
emission, arises. 

[0006] This invention aims at preventing buildup of a feedback period, and the dry area of an air-fixel ratio in 
the air- fuel ratio control system of the internal combustion engine which used the linear air-fuel ratio sensor by 
performing highly precise Air Fuel Ratio Control corresponding to the change of a situation of an air- fuel ratio. 
[0007] 

[Means for Solving the Problem] Hereafter, the means and its operation effectiveness for attaining the above- 
mentioned object are indicated. The air-fuel ratio control system of an internal combustion engine according to 
claim 1 The linear air-fuel ratio sensor by which an output is proportional to an internal combustion engine's 
air- fuel ratio mostly is used. It is the air-fuel ratio control system of the internal combustion engine which does 
feedback control of the air- fuel ratio of the gaseous mixture which computes the amount of feedback 
amendments based on the deflection from the target air-fuel ratio in the detection value of this linear air-fuel 
ratio sensor, and is supplied to an internal combustion engine's combustion chamber based on this amount of 
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feedback amendments to a target air- fuel ratio. It is characterized by having a feedback gain setting-out means 
to set up the feedback gain for computing said amount of feedback amendments, according to the detection 
value of said linear air-fuel ratio sensor. 

[0008] Thus, the feedback gain setting-out means has set up the feedback gain for computing said amount of 
feedback amendments according to the detection value of a linear air- fuel ratio sensor. For this reason, it 
becomes possible to set up the feedback gain which took into consideration beforehand the future behavior of 
the air-fuel ratio which has appeared in the detection value of a linear air-fuel ratio sensor. 
[0009] Therefore, the amount of feedback amendments corresponding to change of a future situation is set up, it 
becomes possible to perform highly precise Air Fuel Ratio Control, and buildup of a feedback period and the 
dry area of an air-fuel ratio can be prevented. 

[0010] The air- fuel ratio control system of an internal combustion engine according to claim 2 is characterized 
by said feedback gain setting-out means setting up the feedback proportional gain for asking for a proportional 
among said amounts of feedback amendments according to the detection value of said linear air-fuel ratio 
sensor in a configuration according to claim 1 . 

[001 1] Thus, a high response can be coped with now to change of a future situation by making the feedback 
proportional gain for asking for a proportional among the amounts of feedback amendments correspond to the 
future behavior of an air-fuel ratio. 

[0012] Therefore, it becomes possible to perform highly precise Air Fuel Ratio Control, and buildup of a 
feedback period and the dry area of an air-fuel ratio can be prevented. The air-fuel ratio control system of an 
internal combustion engine according to claim 3 is characterized by said feedback gain setting-out means 
setting up the feedback proportional gain for asking for a proportional among said amounts of feedback 
amendments, and the feedback integral gain for searching for an integral term according to the detection value 
of said linear air-fuel ratio sensor in a configuration according to claim 1 . 

[0013] Thus, a high response can be coped with more now to change of a future situation by making both with 
the feedback integral gain for searching for the feedback proportional gain and the integral term for asking for a 
proportional among the amounts of feedback amendments correspond to the future behavior of an air-fuel ratio. 
[0014] Therefore, it becomes possible to perform highly precise Air Fuel Ratio Control, and buildup of a 
feedback period and the dry area of an air-fuel ratio can be prevented, the air-fuel ratio control system of an 
internal combustion engine according to claim 4 — either of claims 1-3 — in the configuration of a publication, 
said feedback gain setting-out means is characterized by changing the pattern which sets up said feedback gain 
according to the condition of the detection value of said linear air- fuel ratio sensor. 

[0015] Here, the feedback gain setting-out means has changed the pattern which sets up the feedback gain for it 
not only has setting up the feedback gain for computing the amount of feedback amendments according to the 
detection value of a linear air-fuel ratio sensor, but computing the amount of feedback amendments according to 
the condition of the detection value of a linear air-fuel ratio sensor. 

[0016] By this, it becomes more exactly possible to make it correspond to the future behavior of an air-fuel 
ratio, and a high response can be further coped with now to change of a future situation. Therefore, it becomes 
possible to perform still highly precise Air Fuel Ratio Control, and buildup of a feedback period and the dry 
area of an air- fuel ratio can be prevented. 

[0017] It is characterized by for said feedback gain setting-out means classifying the detection value of said 
linear air-fuel ratio sensor into the condition of approaching a target air-fuel ratio, and the condition of 
separating from a target air- fuel ratio, in a configuration according to claim 4, and the air-fuel ratio control 
system of an internal combustion engine according to claim 5 changing the pattern which sets up said feedback 
gain for this every condition. 

[0018] It can more specifically classify into the condition of approaching a target air-fuel ratio, and the 
condition of separating from a target air-fuel ratio, as a detection value-change condition of a linear air-fuel 
ratio sensor, and the pattern which sets up the feedback gain for computing the amount of feedback amendments 
can be changed for every conditions of these. 

[0019] Thus, by changing the pattern which sets up feedback gain, it becomes more exactly possible to make it 
correspond to the future behavior of an air- fuel ratio, and a high response can be further coped with now to 
change of a future situation. 

[0020] Therefore, it becomes possible to perform still highly precise Air Fuel Ratio Control, and buildup of a 
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feedback period and the dry area of an air-fiiel ratio can be prevented. The air-fuel ratio control system of an 
internal combustion engine according to claim 6 is characterized by for said feedback gain setting-out means 
classifying the detection value of said linear air-fuel ratio sensor into the rich condition that fuel concentration is 
deeper than a target air- fuel ratio, and the Lean condition that fuel concentration is thinner than a target air-fuel 
ratio, and changing the pattern which sets up said feedback gain for this every condition in a configuration 
according to claim 4. 

[0021] As a condition of the detection value of a linear air-fuel ratio sensor, it can classify into the rich 
condition that fuel concentration is deeper than a target air-fuel ratio, and the Lean condition that fuel 
concentration is thinner than a target air-fuel ratio, and, more specifically, the pattern which sets up the 
feedback gain for computing the amount of feedback amendments can be changed for every conditions of these. 

[0022] Thus, by changing the pattern which sets up feedback gain, it becomes more exactly possible to make it 
correspond to the future behavior of an air- fuel ratio, and a high response can be further coped with now to 
change of a future situation. 

[0023] Therefore, it becomes possible to perform still highly precise Air Fuel Ratio Control, and buildup of a 
feedback period and the dry area of an air-fuel ratio can be prevented. The air-fuel ratio control system of an 
internal combustion engine according to claim 7 In a configuration according to claim 4 said feedback gain 
setting-out means The condition of approaching a target air-fuel ratio in the detection value of said linear air- 
fuel ratio sensor from the rich condition that fuel concentration is deeper than a target air- fuel ratio, It classifies 
into the condition of separating from a target air- fuel ratio to a rich condition, the condition of approaching a 
target air-fiiel ratio from the Lean condition that fuel concentration is thinner than a target air- fuel ratio, and the 
condition of separating from a target air- fuel ratio to the Lean condition, and is characterized by changing the 
pattern which sets up said feedback gain for this every condition. 

[0024] Furthermore, it can more specifically classify into the condition of approaching a target air-fuel ratio 
from a rich condition, the condition separate from a target air-fuel ratio to a rich condition, the condition 
approach a target air-fuel ratio from the Lean condition, and the condition separate from a target air-fuel ratio to 
the Lean condition, as a detection value-change condition of a linear air- fuel ratio sensor, and the pattern which 
sets up the feedback gain for computing the amount of feedback amendments can be changed for every 
conditions of these. 

[0025] Thus, by changing the pattern which sets up feedback gain, it becomes possible still more exactly to 
make it correspond to the future behavior of an air-fuel ratio, and a high response can be further coped with now 
to change of a future situation. 

[0026] Therefore, it becomes possible to perform still highly precise Air Fuel Ratio Control, and buildup of a 

feedback period and the dry area of an air-fiiel ratio can be prevented. 

[0027] 

[Embodiment of the Invention] [Gestalt 1 of operation] drawing 1 is a block diagram showing the outline 
configuration of the gasoline engine (it abbreviates to an "engine" hereafter) 4 to which invention mentioned 
above was applied, and its control system. 

[0028] the 1st which includes a combustion chamber in the cylinder block 6 of an engine 4 — cylinder 8 and the 
2nd — cylinder 10 and the 3rd ~ cylinder 12 — and 14 [ cylinder / 4th ] is formed. The inhalation-of-air path 20 
is connected to each cylinders 8-14 through the intake manifold 16 and the surge tank 18. The air cleaner 22 is 
formed in the upstream of this inhalation-of-air path 20, and the open air is introduced in the inhalation-of-air 
path 20 through this air cleaner 22. 

[0029] Corresponding to each cylinders 8-14, injectors 24, 26, 28, and 30 are formed in the intake manifold 16, 
respectively. These injectors 24-30 are electromagnetic fuel injection valves in which closing motion actuation 
is carried out by energization control and which inject a fuel, and the fuel in a fuel tank (graphic display 
abbreviation) is fed from a fuel pump (graphic display abbreviation). It is mixed with the inhalation air in an 
intake manifold 16, and the fuel injected from injectors 24-30 serves as gaseous mixture. This gaseous mixture 
is introduced to the combustion chamber of each cylinders 8-14 from the inlet port (graphic display 
abbreviation) it was [ the inlet port ] open when the intake valve (graphic display abbreviation) prepared every 
cylinder 8-14 opened. In feed back control of air- fuel ratio, the die length of the fuel injection duration by these 
injectors 24-30 is adjusted based on the feedback correction factor FAF so that it may mention later. 
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[0030] The throttle valve 32 which adjusts an inhalation air content is located in the upstream of a surge tank 
18, and is prepared in the inhalation-of-air path 20. That opening TA, i.e., a throttle opening, is adjusted by 
carrying out closing motion actuation of this throttle valve 32 by the throttle motor 34 formed in the inhalation- 
of-air path 20. The throttle sensor 36 is formed near the throttle valve 32. This throttle sensor 36 detects the 
throttle opening TA, and outputs the signal according to that throttle opening TA. 

[0031] Moreover, the accelerator pedal 38 is formed in the driver's cabin of an automobile, and the amount 
ACCP of treading in of this accelerator pedal 38, i.e., an accelerator opening, is detected by the accelerator 
opening sensor 40. And the electronic control (it abbreviates to "ECU" hereafter) 50 mentioned later adjusts the 
throttle opening TA to the opening according to operational status by controlling the throttle motor 34 based on 
this accelerator opening ACCP etc. 

[0032] The flueway 62 is connected to each cylinders 8-14 through EGUZOSUTOMANIHORUDO 60. The 
catalytic converter 64 and the muffler 66 are formed in this flueway 62, respectively. The exhaust air which 
flows a flueway 62 passes these catalytic converters 64 and a muffler 66, and is discharged outside. 
[0033] The intake-pressure sensor 68 is formed in the surge tank 18. This intake-pressure sensor 68 detects the 
intake pressure PM of the inhalation air introduced into the combustion chamber of each cylinders 8-14, and 
outputs the signal according to this intake pressure PM. 

[0034] Moreover, corresponding to each cylinders 8-14, ignition plugs 70, 72, 74, and 76 are formed in cylinder 
head 6a of an engine 4, respectively. Each point fire plugs 70-76 are constituted as a direct ignition system 
which does not use a distributor, when ignition coils 70a, 72a, 74a, and 76a are attached. Each ignition coils 
70a-76a have given the high tension generated based on cutoff of the upstream current supplied from the 
ignition actuation circuit in ECU50 at ignition timing to the direct ignition plugs 70-76. 
[0035] Moreover, the linear air- fuel ratio sensor 80 is formed in the flueway 62 in the upstream from the 
catalytic converter 64. This linear air-fuel ratio sensor 80 outputs the current signal I according to the air- fuel 
ratio of the gaseous mixture which appears in the component of exhaust air, as shown in drawing 2 . And after 
being changed into the air-fuel ratio detection value VAF expressed with an electrical potential difference as 
shown in drawing 3 within ECU50, feed back control of air-fuel ratio is made so that it may mention later based 
on this air-fuel ratio detection value VAF, and an air-fuel ratio is adjusted to a target air-fuel ratio by the 
increase and decrease of processing of fuel oil consumption. 

[0036] In addition, the engine-speed sensor 90 outputs the pulse signal of frequency according to the engine 
speed NE of an engine 4 based on rotation of the crankshaft (graphic display abbreviation) of an engine 4, and 
in order that the cylinder distinction sensor 92 may distinguish cylinders 8-14, it outputs the pulse signal which 
turns into a reference signal for whenever [ predetermined crank angle / every ] based on rotation of a 
crankshaft. ECU50 performs calculation of whenever [ rotational frequency NE and crank angle ], and also 
cylinder distinction based on the output signal from these rotational frequency sensor 90 and the cylinder 
distinction sensor 92. 

[0037] Moreover, the coolant temperature sensor 94 for detecting engine-cooling-water ** is formed in a 
cylinder block 6, and the signal according to the cooling water temperature THW is outputted to it. Next, the 
electric configuration of the control system which has achieved the function of the air-fuel ratio control system 
in the gestalt 1 of this operation is explained with reference to the block diagram of drawing 4 . 
[0038] ECU50 is equipped with central processing unit (CPU) 50a, read-only memory (ROM) 50b, random- 
access-memory (RAM) 50c, backup RAM50d, etc., and is constituted as a logic operation circuit which comes 
to connect input circuit 50e, 50f of output circuits etc., etc. with these each part 50a-50d by 50g of bi-directional 
buses. The various control programs and the various data which realize feed back control of air-fuel ratio 
mentioned later are beforehand memorized by ROM50b. The result of an operation of CPU50a in various 
control processings etc. is temporarily memorized by RAM50c. 

[0039] Moreover, input circuit 50e is constituted as an input interface containing a buffer, a waveform shaping 
circuit, an A/D converter, etc., and the line of said throttle sensor 36, the accelerator opening sensor 40, the 
intake-pressure sensor 68, the linear air- fuel ratio sensor 80, the rotational frequency sensor 90, the cylinder 
distinction sensor 92, a coolant temperature sensor 94, and the ignition acknowledge signal IGf of each ignition 
coils 70a-76a etc. is connected, respectively. The output signal of the various sensors 36, 40, 68, 80, 90, and 92 
and 94 grades is changed into a digital signal, and is read into CPU50a etc. from input circuit 50e through 50g 
of bi-directional buses. 
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[0040] On the other hand, 50f of output circuits has various actuation circuits etc., and said injectors 24-30, 
ignition coils 70a-76a, and throttle motor 34 grade are connected, respectively. ECU50 performs data 
processing based on the output signal from the various sensors 36, 40, 68, 80, 90, and 92 and 94 grades, and 
carries out actuation control of injectors 24-30, ignition coils 70a-76a, and the throttle motor 34 grade. 
[0041] For example, ECU50 is controlling the fuel oil consumption by injectors 24-30, fuel injection timing, or 
ignition timing by ignition coils 70a-76a according to the magnitude of the load while computing the load of an 
engine 4 based on the engine speed NE detected by the intake pressure PM detected by the intake-pressure 
sensor 68, and the engine-speed sensor 90. And based on the air- fuel ratio detected by the linear air-fuel ratio 
sensor 80, the increase and decrease of amendment of the fuel oil consumption by injectors 24-30 are 
performed, and the air- fuel ratio of gaseous mixture is controlled to the target air-fuel ratio at the precision to 
mention later. 

[0042] Next, the feed back control of air- fuel ratio performed by ECU50 in the gestalt 1 of this operation is 
explained based on an R> 5 or less drawing 5 flow chart. In addition, the step in the flow chart corresponding to 
each processing is expressed with "S-. M 

[0043] Feedback correction factor FAF calculation processing is shown in the flow chart of drawing 5 . This 
processing is processing repeatedly performed for every fixed crank angle. Initiation of this feedback correction 
factor FAF calculation processing reads into the working area of RAM50c the air-fuel ratio detection value 
VAF acquired from the signal of the engine speed NE first obtained from the signal of the accelerator opening 
ACCP obtained from the signal of the accelerator opening sensor 40, and the engine-speed sensor 90, and the 
linear air- fuel ratio sensor 80 (SI 10). 

[0044] Next, the target air-fuel ratio VAFt is set up (SI 20). Although the value equivalent to theoretical air fuel 
ratio is set to the target air- fuel ratio VAFt here by the type which an engine 4 controls only to theoretical air 
fuel ratio at the time of feed back control of air- fuel ratio With a lean burn engine etc., when an engine 4 
performs the combustion system in an air-fuel ratio (the "Lean air-fuel ratio" is called hereafter) with fuel 
concentration thinner than theoretical air fuel ratio in addition to theoretical air fuel ratio Based on the 
operational status of an engine 4, for example, the accelerator opening ACCP and an engine speed NE, the 
suitable target air-fuel ratio VAFt is set up from the map before the theoretical-air- fuel-ratio - Lean air-fuel 
ratio. Here, let an engine 4 be a lean burn engine. 

[0045] Next, as shown in the degree type 1, air- fuel ratio deflection delta VAF showing the deflection from the 
target air- fuel ratio VAFt in the air-fuel ratio detection value VAF is calculated (SI 30). 
[0046] 
[Equation 1 ] 

deltaVAF <- VAF - VAFt - [Formula 1] 

Next, feedback proportional gain Kp setting-out processing is performed (SI 40). The detail of this feedback 
proportional gain Kp setting-out processing is shown in the flow chart of drawin g 6 . In this feedback 
proportional gain Kp setting-out processing, air- fuel ratio detection value VAF condition judging processing is 
performed first (S210). The detail of this air-fiiel ratio detection value VAF condition judging processing is 
shown in the flow chart of drawing 7 and drawing 8 R> 8. 

[0047] In this air-fuel ratio detection value VAF condition judging processing, it is first judged for the air-fuel 
ratio detection value VAF detected by the linear air- fuel ratio sensor 80 whether it is below VAFt (S3 10). If it is 
VAF<=VAFt (it is "YES" at S3 10) next, it will be judged for the air-fuel ratio detection value VAF whether it is 
below the rich peak decision value VAFR (S320). In addition, as for the RIN peak decision value VAFL which 
it rich-peak-decision- value- VAFR(s), and is mentioned later, the target air-fuel ratio VAFt is set up as initial 
setting. 

[0048] If it is VAF<=VAFR (it is "YES" at S320), "a condition 1" will be set as the variable PHS showing the 
condition of the air-fiiel ratio detection value VAF (S330). And the new rich peak decision value VAFR is 
computed by count (it calls "annealing and calculating" hereafter) of a weighting average value like the degree 
type 2 (S340). 
[0049] 
[Equation 2] 

VAFR <- (VAFRxn + VAF) /(n+1) - [Formula 2] 

Here, as for n, a forward decimal and one or more suitable numeric values are set up. 
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[0050] Next, the target air-fuel ratio VAFt is set as the RIN peak decision value VAFL (S350), and this 
processing is once ended. On the other hand, if it is VAF>VAFR (it is "NO" at S320), "a condition 2" will be 
set as the VAF state variable PHS (S360). And the new rich peak decision value VAFR is computed like the 
degree type 3 (S370). 
[0051] 
[Equation 3] 

VAFR <- VAF - deltaOFFSET - [Formula 3] 

Here, the suitable value for offset value deltaOFFSET to separate the rich peak decision value VAFR from the 
air- fuel ratio detection value VAF to the smaller one is set up. 

[0052] Next, the target air-fuel ratio VAFt is set as the RIN peak decision value VAFL (S3 50), and this 

processing is once ended. At step S3 10, if it is VAF>VAFt (it is "NO" at S3 10) next, it will be judged whether 

the air-fuel ratio detection value VAF is over the RIN peak decision value VAFL (S380). 

[0053] If it is VAF>VAFR (it is "YES" at S380), "a condition 3" will be set as the VAF state variable PHS 

(S390). And like the degree type 4, it anneals and the new RIN peak decision value VAFL is computed by 

count (S400). 

[0054] 

[Equation 4] 

VAFL <- (VAFLxn + VAF) /(n+1) - [Formula 4] 

Here, as for n, a forward decimal and one or more suitable numeric values are set up. 

[0055] Next, the target air-fuel ratio VAFt is set as the rich peak decision value VAFR (S410), and this 

processing is once ended. On the other hand, if it is VAF<=VAFL (it is "NO" at S380), "a condition 4" will be 

set as the VAF state variable PHS (S420). And the new RIN peak decision value VAFL is computed like the 

degree type 5 (S430). 

[0056] 

[Equation 5] 

VAFL <- VAF + deltaOFFSET - [Formula 5] 

Here, the suitable value for offset value deltaOFFSET to separate the RIN peak decision value VAFL from the 
air- fuel ratio detection value VAF to the larger one is set up. 

[0057] Next, the target air-fuel ratio VAFt is set as the rich peak decision value VAFR (S410), and this 
processing is once ended. By air-fuel ratio detection value VAF condition judging processing mentioned above, 
as an example is shown in drawing 9 , the VAF state variable PHS will be set up. That is, the condition of 
approaching the target air-fuel ratio VAFt from "a condition 3" and the Lean condition in the condition of 
separating the condition of approaching the target air- fuel ratio VAFt from "a condition 1" and a rich condition 
in the condition of separating from the target air-fuel ratio VAFt to a rich condition, from "a condition 2" and 
the target air- fuel ratio VAFt to the Lean condition is classified as "a condition 4." 

[0058] If the VAF state variable PHS is set as processing of drawing 6 by air-fuel ratio detection value VAF 
condition judging processing of return and step S210, based on the VAF state variable PHS, a feedback 
proportional gain Kp map will be chosen next (S220). 

[0059] The feedback proportional gain Kp map for every VAF state variable PHS of this is shown in drawing 
10 - drawing 13 . As for drawing 1010 , "a condition 2" and drawing 12 express "a condition 3", and drawing 13 
expresses [ "a condition 1 11 and drawing 1 1 ] the feedback proportional gain Kp map of "a condition 4." As 
illustrated, in each VAF state variable PHS, the feedback proportional gain Kp is changing according to air- fuel 
ratio deflection deltaVAF. Conventionally, as a graphic display broken line showed, it did not depend on the 
value of air-fuel ratio deflection deltaVAF, but fixed. 

[0060] Selection of the feedback proportional gain Kp map of either drawing 10 - drawing 13 sets up the 
feedback proportional gain Kp on the selected feedback proportional gain Kp map at step S220 based on air- 
fuel ratio deflection deltaVAF (S230). In this way, feedback proportional gain Kp setting-out processing is once 
ended. 

[0061] If the feedback proportional gain Kp is set as drawing 5 at return and step SI 40 next, as shown in the 
degree type 6, the feedback correction factor FAF (it is equivalent to the amount of feedback amendments) will 
be computed (SI 50). 
[0062] 
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[Equation 6] 

FAF <- Kpxdelta VAF + Klxsigma (deltaVAF) + 1.0 » [Formula 6] 

Here, "Kpxdelta VAF" expresses the proportional of feedback control, "Klxsigma (deltaVAF)" expresses the 
integral term of feedback control, "sigma (deltaVAF)" expresses the integral value of air-fuel ratio deflection 
deltaVAF, and KI expresses feedback integral gain. In addition, it does not depend for this feedback integral 
gain KI on air- fuel ratio deflection deltaVAF with the gestalt 1 of this operation, but constant value is used. 
[0063] In this way, feedback correction factor FAF calculation processing is once ended. Thus, the called-for 
feedback correction factor FAF is used in the fuel-injection processing shown in the flow chart of drawing 14 . 
This fuel-injection processing is repeatedly performed for every fixed crank angle. 

[0064] Initiation of fuel-injection processing finds the basic fuel injection valve valve-opening time amount TP 
from the map MTP memorized by ROM50b first based on an engine speed NE and an intake pressure PM 
(S510). 

[0065] Next, based on values, such as the feedback correction factor FAF computed by this basic fuel injection 
valve valve-opening time amount TP and feedback correction factor FAF calculation processing ( drawing 5 ), 
the fuel injection valve valve-opening time amount TAU is calculated by the degree type 7 (S520). 
[0066] 
[Equation 7] 

TAU <- K3, TP, and {FAF + KG(m)}+K4 - [Formula 7] 

Here, KG (m) is the study value which acquired the condition of the deflection of the feedback correction factor 
FAF from "1.0" by study processing. Moreover, K3 and K4 are other correction factors. 
[0067] Next, the fuel injection valve valve-opening time amount TAU is outputted (S530), and fuel-injection 
processing is once ended. An example of the control performed in the configuration mentioned above is shown 
in drawing 15 . In drawing 1515 , the continuous line of (A) expresses the air-fuel ratio detection value VAF. 
(B) expresses the condition of the feedback correction factor FAF. As shown also in this Fig., the change 
pattern of the feedback correction factor FAF is shifted before in time, and has become a thing in consideration 
of a future air-fuel ratio change from the change pattern of the air-fuel ratio detection value VAF. 
[0068] In the configuration of the gestalt 1 of operation mentioned above, feedback correction factor FAF 
calculation processing ( drawing 5 ), feedback proportional gain Kp setting-out processing ( drawing 6 ), and 
air-fuel ratio detection value VAF condition judging processing ( drawing 7 , drawing 8 ) are equivalent to a 
feedback gain setting-out means. 

[0069] According to the gestalt 1 of this operation explained above, the following effectiveness is acquired. The 
feedback proportional gain Kp used for calculation of the feedback correction factor FAF at the (b) . step SI 50 
is computed in step S230 based on air-fuel ratio deflection deltaVAF from either of the feedback proportional 
gain Kp maps shown in drawing 10 - drawing 13 . 

[0070] Since this air-fuel ratio deflection deltaVAF expresses the deflection from the target air-fuel ratio VAFt 
in the air-fuel ratio detection value VAF, it becomes possible [ the feedback proportional gain Kp for computing 
the feedback correction factor FAF being set up according to the air-fuel ratio detection value VAF, and setting 
up the feedback proportional gain Kp which took into consideration beforehand the future behavior of the air- 
fuel ratio which has appeared in the air-fuel ratio detection value VAF of the linear air-fuel ratio sensor 80 ]. 
[0071] Therefore, as shown in drawing 10 - drawing 13 , the feedback correction factor FAF corresponding to 
change of a future situation is set up, and it becomes possible to perform highly precise Air Fuel Ratio Control, 
and buildup of a feedback period and the dry area of an air-fuel ratio can be prevented. 
[0072] In addition, the feedback proportional gain Kp for asking especially for a proportional is set up also 
among the feedback correction factors FAF. A proportional can cope with promptly fluctuation of the air-fuel 
ratio detection value VAF as compared with an integral term. By this, a high response can be coped with more 
now to change of a future situation also among the feedback correction factors FAF by making the feedback 
proportional gain Kp for asking for a proportional correspond to the air-fuel ratio detection value VAF. 
[0073] The pattern of the feedback proportional gain Kp to the (b) . air- fuel ratio detection value VAF is 
changed according to the condition of the air-fuel ratio detection value VAF. Specifically, it is classified into 
the "condition 1 " that the air-fuel ratio detection value VAF separates from the target air- fuel ratio VAFt to a 
rich condition, the "condition 2" of approaching the target air- fuel ratio VAFt from a rich condition, and the 
"condition 3" of separating from the target air- fuel ratio VAFt to the Lean condition and the "condition 4" of 
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approaching the target air-fuel ratio VAFt from the Lean condition. And as shown in drawing 10 - drawing 13 , 
the pattern which sets up the feedback proportional gain Kp for computing the feedback correction factor FAF 
is changed for every conditions of these. 

[0074] Here, in the condition 1 that the air-fuel ratio detection value VAF separates from the target air- fuel ratio 
VAFt to a rich condition, as shown in drawing 10 , the feedback proportional gain Kp from the location near "0" 
with already large air-fuel ratio deflection deltaVAF which is a negative value is shown. Therefore, the 
contribution to the feedback correction factor FAF will become a high level. By this, the feedback control 
which predicted the next air-fuel ratio change, i.e., the change by the side of rich, in the condition 1 becomes 
possible. And air-fuel ratio deflection deltaVAF follows for becoming small (an absolute value becoming 
large), and the feedback proportional gain Kp becomes small once gradually. It becomes what was stabilized by 
this even if the contribution to the feedback correction factor FAF was a high level, and the transient overshoot 
of control can be prevented. When air-fuel ratio deflection deltaVAF becomes still smaller (an absolute value 
still more greatly), extreme rich-ization of an air-fuel ratio is prevented by changing the feedback proportional 
gain Kp to the larger one again. 

[0075] In the "condition 2" that the air-fuel ratio detection value VAF approaches the target air-fuel ratio VAFt 
from a rich condition, the feedback proportional gain Kp is becoming small gradually as were shown in drawing 
11 and air-fuel ratio deflection deltaVAF which is a negative value approaches "0" from a small (an absolute 
value is large) value. Therefore, when the air-fuel ratio detection value VAF is separated from the target air-fuel 
ratio VAFt, while functioning as bringing close to the target air-fuel ratio VAFt quickly, if it becomes near the 
target air-fuel ratio VAFt, the feedback proportional gain Kp will approach "0." The feedback control which 
predicted having become near the target air-fuel ratio VAFt by this becomes possible. 

[0076] In the "condition 3" that the air-fuel ratio detection value VAF separates from the target air-fuel ratio 
VAFt to the Lean condition, as shown in drawing 12 , the feedback proportional gain Kp from the location near 
"0" with already large air-fuel ratio deflection deltaVAF which is a forward value is shown. Therefore, the 
contribution to the feedback correction factor FAF will become a high level. By this, the feedback control 
which predicted the next air-fuel ratio change, i.e., the change by the side of Lean, in the condition 3 becomes 
possible. And the feedback proportional gain Kp becomes small once gradually as air- fuel ratio deflection 
deltaVAF becomes large. It becomes what was stabilized by this even if the contribution to the feedback 
correction factor FAF was a high level, and the transient overshoot of control can be prevented. When air-fuel 
ratio deflection deltaVAF becomes still larger, Lean-ization with a going too far air-fiiel ratio is prevented by 
changing the feedback proportional gain Kp to the larger one again. 

[0077] In the "condition 4" that the air-fiiel ratio detection value VAF approaches the target air-fuel ratio VAFt 
from the Lean condition, the feedback proportional gain Kp is becoming small gradually as were shown in 
drawing 13 and air-fuel ratio deflection deltaVAF which is a forward value approaches "0" gradually from a 
large value. Therefore, when the air-fuel ratio detection value VAF is separated from the target air-fiiel ratio 
VAFt, while functioning as bringing close to the target air-fiiel ratio VAFt quickly, if it becomes near the target 
air- fuel ratio VAFt, the feedback proportional gain Kp will approach "0." The feedback control which predicted 
having become near the target air-fiiel ratio VAFt by this becomes possible. 

[0078] Thus, by changing the pattern which sets up the feedback proportional gain Kp, it becomes possible still 
more exactly to make it correspond to the future behavior of an air-fiiel ratio, and a high response can be further 
coped with now to change of a future situation. Therefore, it becomes possible to perform still highly precise 
Air Fuel Ratio Control, and buildup of a feedback period and the dry area of an air-fiiel ratio can be prevented. 
[0079] With the gestalt 2 of the [gestalt 2 of operation] book operation, in order to set up also about the 
feedback integral gain KI based on air- fuel ratio deflection deltaVAF, it differs from the gestalt 1 of said 
operation in that processing shown in drawing 16 instead of feedback correction factor FAF calculation 
processing of drawing 5 of the gestalt 1 of said operation is performed. About other configurations, it is the 
same as the gestalt 1 of said operation. 

[0080] Moreover, in feedback correction factor FAF calculation processing of drawing 16 , processings other 
than processing of step S645 are the respectively same processings as steps SI 10-S150 of the gestalt 1 of said 
operation, and processing of a step number in which 500 was added to the step number given to processing of 
drawing 5 corresponds. 

[0081] At step S645 of the gestalt 2 of this operation, the feedback integral gain KI is set up based on air-fuel 
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ratio deflection deltaVAF according to the feedback integral gain KI map shown in drawing 1 7 . 

[0082] And at step S650, the feedback correction factor FAF is computed using this feedback integral gain KI 

and the feedback proportional gain Kp set up at step S640. 

[0083] As PL shows to the timing chart of drawing 1818 by performing such processing, even if an air-fuel 
ratio shifts to the Lean side greatly temporarily, as PI shows, with the feedback proportional gain Kp, the 
feedback integral gain KI also increases and the gap with the target air-fuel ratio VAFt is promptly made small. 
It is also the same as when it shifts to a rich side greatly. 

[0084] In the configuration of the gestalt 2 of operation mentioned above, feedback correction factor FAF 

calculation processing ( drawing 16 ), and the feedback proportional gain Kp setting-out processing ( drawing 

6 ) and air- fuel ratio detection value VAF condition judging processing ( drawing 7 , drawing 8 ) which were 

shown with the gestalt 1 of said operation are equivalent to a feedback gain setting-out means. 

[0085] According to the gestalt 2 of this operation explained above, the following effectiveness is acquired. 

(b) of the gestalt 1 of the (b) . aforementioned implementation and the effectiveness of (b) arise. 

Since it is set up according to air- fuel ratio deflection deltaVAF also about the (b) . feedback integral gain KI, 

corresponding to change of a future situation, it becomes possible to set the feedback correction factor FAF as a 

high response more. Therefore, it becomes possible to perform highly precise Air Fuel Ratio Control, and 

buildup of a feedback period and the dry area of an air- fuel ratio can be prevented. 

[0086] With the gestalt 3 of the [gestalt 3 of operation] book operation, the feedback correction factor FAF 
calculation processing shown in drawing 19 and drawing 20 , and air-fuel ratio detection value VAF condition 
judging processing shown in 21 are performed instead of the. feedback correction factor FAF calculation 
processing ( drawing 5 ) in the gestalt 1 of said operation, and air- fuel ratio detection value VAF condition 
judging processing ( drawing 7 , 8). About feedback proportional gain Kp setting-out processing ( drawing 6 ) 
and other configurations, it is the same as the gestalt 1 of said operation. 

[0087] In processing of drawing 19 , steps S710, S720, S740, and S750 are the same as processing of steps 

SI 10, SI 20, SI 40, and SI 50 of drawing 5 respectively except for step S745. In addition, step S745 is performed 

by the degree of step S740 as processing corresponding to step SI 30 of drawing 5 R> 5. 

[0088] Step S745 calculates air-fuel ratio deflection deltaVAF by the degree type 8. 

[0089] 

[Equation 8] 

deltaVAF <- VAF - VAFJ - [Formula 8] 

The air- fuel ratio decision value VAFJ is a value set up by the air-fuel ratio detection value VAF condition 
judging processing mentioned later. 

[0090] In drawing 20 and processing of 21 , processing of a step number in which 400 was added to drawing 7 
and the step number given to processing of 8 corresponds except for steps S810, S850, S875, S910, and S935. 
[0091] At step S810, the air-fbel ratio detection value VAF has judged the Lean and rich side from the air-fuel 
ratio decision value VAFJ among drawing 20 and processing of 21 . Moreover, at step S850 performed when it 
is VAF<=VAFJ (it is "YES" at S810), the air-fuel ratio decision value VAFJ is set as the RIN peak decision 
value VAFL. Furthermore, at step S875 which is performed in VAF>VAFR (it is "NO" at S820), as shown in 
the degree type 9, the air- fuel ratio decision value VAFJ is set up. 
[0092] 
[Equation 9] 

VAFJ <- VAFt - dV - [Formula 9] 

Here, the offset value dV is a value for setting up the air-fuel ratio decision value VAFJ smaller than the target 
air- fuel ratio VAFt. 

[0093] Moreover, at step S910 performed when it is VAF>VAFJ (it is "NO" at S810), the air-fuel ratio decision 
value VAFJ is set as the rich peak decision value VAFR. Furthermore, at step S935 which is performed in 
VAF<=VAFL (it is "NO" at S880), as shown in the degree type 10, the air-fuel ratio decision value VAFJ is set 
up. 

[0094] 

[Equation 10] 

VAFJ <- VAFt + dV - [Formula 10] 

Here, the offset value dV is a value for making the air- fuel ratio decision value VAFJ larger than the target air- 
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fuel ratio VAFt. 

[0095] Since it is constituted in this way, the gestalt 3 of this operation is changed so that reversal of Air Fuel 
Ratio Control may become [ the level (air- fuel ratio decision value VAFJ) for judging the Lean condition and a 
rich condition ] early. For this reason, as shown in the timing chart of drawing 22 , the period of "a condition 2" 
or "a condition 4" becomes short, and comes to shift to "a condition 3" or "a condition 1" at an early stage. 
Therefore, a feedback period becomes short also as the whole. 

[0096] In the configuration of the gestalt 3 of operation mentioned above, feedback correction factor FAF 
calculation processing ( drawing 19 ), feedback proportional gain Kp setting-out processing ( drawing 6 ), and 
air- fuel ratio detection value VAF condition judging processing ( drawing 20 , drawing 21 ) are equivalent to a 
feedback gain setting-out means. 

[0097] According to the gestalt 3 of this operation explained above, the following effectiveness is acquired. 

(b) of the gestalt 1 of the (b) . aforementioned implementation and the effectiveness of (b) arise. 

Since the air-fuel ratio decision value VAFJ the (b) . air- fuel ratio detection value VAF judges a Lean and rich 

side to be is set up so that the judgment between the Lean side and a rich side may change at an early stage 

using the target air-fuel ratio VAFt, a feedback period becomes still shorter as shown in drawing 22 . For this 

reason, it becomes possible to perform highly precise Air Fuel Ratio Control. 

[0098] [The gestalt of other operations] 

- In the gestalt of each aforementioned implementation, although it was equipment which performs Air Fuel 
Ratio Control by adjusting injection fuel quantity, the equipment of the type which controls an air-fuel ratio by 
feedback adjustment to the opening of a throttle valve 32 in addition to this may be used. In this case, the 
feedback proportional gain Kp and the feedback integral gain KI are used in order to calculate the feedback 
correction factor in the feedback control to the throttle opening TA. 

[0099] - In the gestalt of each aforementioned implementation, although the condition of the air-fuel ratio 
detection value VAF was classified into the condition of "conditions 1-4", you may classify into two according 
to a Lean and rich side from the target air-fuel ratio VAFt or the air-fuel ratio decision value VAFJ in addition 
to this, and may classify into two according to the direction approaching the target air-fuel ratio VAFt or the air- 
fuel ratio decision value VAFJ, or the direction to leave. 

[0100] - Instead of the thing feedback proportional gain Kp map ( drawing 1 1 ) in the "condition 2" of having 
been used in the gestalt of each aforementioned implementation, as shown in drawing 23 , air- fuel ratio 
deflection delta VAF may use the map set to feedback proportional gain Kp<0 by Tokoro near "0." Similarly, 
instead of the thing feedback proportional gain Kp map ( drawing 13 ) in "a condition 4", as shown in drawing 
24 , air-fuel ratio deflection delta VAF may use the map set to feedback proportional gain Kp<0 by Tokoro near 

MQ.. 

[0101] As mentioned above, although the gestalt of operation of this invention was explained, it appends that it 
is a thing including the following gestalten to the gestalt of operation of this invention. 
(1) Air-fuel ratio control system of the internal combustion engine characterized by setting the value which 
carried out increase and decrease of the target air- fuel ratio of amendment according to the condition of the 
detection value of a linear air- fuel ratio sensor as said air-fuel ratio decision value so that an air-fuel ratio 
decision value may be used instead of a target air- fuel ratio and the detection value of a linear air-fuel ratio 
sensor may cross this air-fuel ratio decision value at an early stage in one configuration of. claims 1-7. 
[0102] (2) The linear air-fuel ratio sensor by which . output is proportional to an internal combustion engine f s 
air-fuel ratio mostly is used. It is the air-fuel ratio control system of the internal combustion engine which does 
feedback control of the air- fuel ratio of the gaseous mixture which computes the amount of feedback 
amendments based on the deflection from the target air- fuel ratio in the detection value of this linear air-fuel 
ratio sensor, and is supplied to an internal combustion engine's combustion chamber based on this amount of 
feedback amendments to a target air-fuel ratio. The air-fuel ratio control system of the internal combustion 
engine characterized by having a feedback gain setting-out means to set up the feedback gain for computing 
said amount of feedback amendments, according to the deflection from the target air-fuel ratio in the detection 
value of said linear air- fuel ratio sensor. 

[0103] (3) It is the air-fuel ratio control system of the internal combustion engine characterized by setting up 
feedback proportional gain for said feedback gain setting-out means asking for a proportional among said 
amounts of feedback amendments in a configuration given in . (2) according to the deflection from the target 
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air- fuel ratio in the detection value of said linear air- fuel ratio sensor. 

[0104] (4) It is the air-fuel ratio control system of the internal combustion engine characterized by setting up 
feedback proportional gain for said feedback gain setting-out means asking for a proportional among said 
amounts of feedback amendments in a configuration given in . (2), and the feedback integral gain for searching 
for an integral term according to the deflection from the target air-fuel ratio in the detection value of said linear 
air-fuel ratio sensor. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web_cgi_ejje 1 0/2 1/2005 



JP,2001-349235,A [DRAWINGS] 



Page 1 of 12 



* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 
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3. In the drawings, any words are not translated. 
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